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Abstract—Geospatial technology is a term used to describe the 
range of modern tools contributing to the geographic mapping 
and analyses which typically involve Global Navigation Satellite 
Systems (GNSS), Remote Sensing (RS), and Geographic 
Information Systems (GIS). By manipulating these tools, users 
can easily plan ahead, scrutinize each data, improve service 
delivery, and optimize operation management. Field/on-site 
workers is defined as those who work most of their time away 
from their main office and get connected via mobile and wireless 
devices. This paper will demonstrate a methodology to integrate 
geospatial technology with selected sensors to increase the on-site 
operations and management using mobile platform and optimize 
the workflows allowing real-time tracking and monitoring.     
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Most workforces will often have at least one mobile or field 
worker such as in fleet management field, services and 
maintenance, health and pharmaceuticals and also logistics 
and transportation business. These workers is defined as those 
who work at least 10 hours per week away from home and 
from their main place of work, e.g. on business trips, in the 
field, travelling or on customers’ premises, and use online 
computer connections when doing so (Electronic Commerce 
and Telework Trends, 2000). Mobile workforce system 
provides ways to understand and manage the location and 
history of mobile workforce and assets, beginning with who, 
what, why, where and when – in multiple function (Driscol 
and Sheldrick, 2006). 
The terms mobile and wireless are often used 
synonymously, but represent two different technologies. 
Mobile means the technology can travel with the user, but it is 
not necessarily in real-time. Wireless gives users a live 
(Internet) connection via satellite or radio transmitters 
(connection without wires - cordless). While both have 
different meanings, wireless is considered as one of the 
technology required for the workers to be mobile. State 
government agencies, such as transportation departments, use 
wireless devices to collect field information, tracking 
inventory, reporting times, monitoring logistics, and 
completing forms — all from a mobile environment. The 
transportation industry is using wireless devices to help 
determine current locations and alternate driving routes. 
From before, most mobile workforces use cellular phone as 
a device to provide connectivity and mobile applications. 
Cellular telephones (cell phones) work by using radio waves 
to communicate with radio antennas (or towers) placed within 
adjacent geographic areas called cells. A telephone message is 
transmitted to the local cell by the cellular telephone and then 
is passed from antenna to antenna, or cell to cell. The trends in 
cell phones reflect a convergence of voice, video and data 
communications. This platform is foreseen to be an obsolete 
as more and more advancement in mobile phone technology 
but still widely use in data transmission in most applications. 
Personal digital assistants (PDA) and smart phones have 
slowly making queue to replace cellular phone role which 
offers much smaller with the capability of a small computers.  
They have more integrated system and hardware and capable 
of entirely digital communications transmission. 
The concept of integrating mobile and wireless platform 
which allows workers to be in touch with the office is still new 
in certain industry in Malaysia and the readiness is still in 
debate in term of cost, efficiency and monitoring. In Malaysia, 
majority of the local authority has applied mobile workforce 
concept in the past few years where they hire mobile 
workforce to do field works. For instance, there is a process in 
the Building Department in each local authority to do 
verification at the site area for any new building development 
applied by a contractor before approval. From another aspect, 
mobile workforce from Technical Department will conduct 
inspection at the site as well. Hasmi et al. (2011) studied on 
the readiness of mobile workforce concept in Penang, has 
addressed several equipment used for mobile workforce to 
conduct business and type of communication media used.  
The study focuses on exploration of several factors towards 
telecommuting or mobile workforce in the industry 
emphasizing on work from home concept. Figure 1 shows an 
effective mobile worker management requires some elements 
which are: 
i) Mobile services — wireless internet, broadband, 
bluetooth, infrared, communication link; 
ii) Location-based services – satellite, INS; 
iii) Tracing services – RFID, barcode; 
iv) Devices — smartphones, personal digital assistants 
(PDAs), notebooks, wireless cards, GPS receiver, RFID 
and barcode reader, data storage; 
v) Service control — system integration, management 
centre allowing real-time connectivity. 
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II.  TRACKING & TRACING MODULE INTEGRATION 
 
Track and trace or tracking and tracing, is a process of 
determining the current and past locations and other 
information of a unique item or property. In response to a 
growing number of recall incidents such as food, 
pharmaceutical, toys and laboratory, a lot of software, 
hardware, consulting and systems vendors have emerged over 
the last few years to offer a range of traceability solutions and 
tools for industry. Radio-frequency identification (RFID) and 
barcodes are two common technology methods used to deliver 
traceability. 
 
A. Tracing Technology 
Radio-frequency identification (RFID) is synonymous with 
track-and-trace solutions, and has a critical role to play in 
supply chains (Sarac et al., 2009). RFID is a code-carrying 
technology, and can be used in place of a barcode to enable 
non-line of sight-reading. Deployment of RFID was earlier 
inhibited by cost limitations but the usage is now increasing. 
Barcoding is a common and cost effective method used to 
implement traceability at both the item and case-level. 
Variable data in a barcode or a numeric or alphanumeric code 
format can be applied to the packaging or label. The secure 
data can be used as a pointer to traceability information and 
can also correlate with production data such as time to market 
and product quality. There are several barcode symbologies 
available which are linear and 2D. Figure 2 and 3 shows 
example of various barcode symbologies available. 
QR codes were originally designed to track assets during 
manufacturing process. A QR code is ultimately a two 
dimensional barcode that stores data both horizontally and 
vertically. When compared with barcodes, QR codes can hold 
much more information. In fact, a complex QR code can store 
over a page of plain text. Since QR codes are much smaller 
than barcodes, they are also easier to scan using smartphones 
(Eicher, 2012). Additionally, unlike barcodes they can be 
scanned at any angle making mobile data collection much 
faster than before. 
 
B. Tracking Technology 
Global Navigation Satellite Systems (GNSS) technology has 
become vital to many applications and is expanding from the 
established Global Positioning System (GPS), the Russian 
Global Navigation Satellite System (Glonass) and the coming 
Galileo, Beidou and QZSS. Few studies have been presented 
in the literature regarding the various applications of satellite 
systems in tracking and tracing. Politecnico di Milano (2007) 
presented interesting examples of projects and applications 
which include GPS integrated with other technologies (e.g. 
RFID, weighing system, sensor systems, General Packet 
Radio Service (GPRS)).  
Ursa et al. (2006) has worked on the monitoring and 
tracking through GPRS/Universal Mobile 
Telecommunications System (UMTS). GNSS systems can 
bridge the gap and enable global monitoring of 
products/system. By using the function related, for instance to 
GNSS, RFID device and other communication systems such 
as Universal Mobile Telecommunications System (GSM), 




Figure 1: General concept of Mobile Workforce Management  
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Table 1 





Smartphones  Non-Smartphones 
Touchscreen Smartphones Non-Touchscreen Smartphones  Multimedia Phones Features Phones 
Definition 
Open OS* allow installation of 
applications. Features touchscreen 
*Open OS include :iOS, Android, 
Blackberry, Symbian, Maemo, 
Windows, Linux (Web OS), Bada 
Open OS* allows installation of 
applications. No touchscreen. 
(Only device with QWERTY or 
alpha-numeric keypads are 
include) 
 
Touchscreen and/or QWERTY, but 
not an open OS. Must be able to 
acces internet by WIFI or 2.5G 
upwards, and has HTML browser. 
All other phones. (No 
touchscreen, no 
QWERTY keypad, no 
open OS) 
C. Mobile Platform 
Mobile phones can be classified by smartphones and non-
smartphones. The smartphone can be categorized into several 
classifications which are Touchscreen Smartphones and Non 
Touchscreen Smartphones. As described in Nielson website, 
the following Table 1 summarizes the 4-way mobile devices 
classification. 
Finding from iPass study on mobile trend for mobile 
workforce in 2011, showed that younger workers appeared to 
lean towards the Android as their next smartphone, and older 
mobile workers wanted to stick with their BlackBerrys. While 
the BlackBerry appears less slick and sexy than Android-
based smartphones – the BlackBerry is familiar to older 
workers with its physical buttons. iPhone remains the most 
popular smartphone across all age groups. 
 
III. SYSTEM PROTOTYPE AND EVALUATION 
 
The proposed overall system architecture starts with the 
mobile workforce as user access the mobile workforce 
management system using mobile application and any web 
browser. The application server and database will be providing 
the interface and data required by the user. Overall, this system 
will be equipped with firewall to ensure the security, reliability, 
and integrity of the system. However, as for prototype 
development, the focus concentrates on the second layer, the 
mobile application. 
The selection of the users are based on: 
i) Their current system which might lacking on the 
tracking or tracing capability to monitor the whole 
process 
ii) No real-time scheduling, dispatching and reporting in 
the current mobile workforce management. 
The objective of the system were to enable the management 
to monitor the assets and the on-site workers with the 
embedded geospatial system while at the same time decreases 
manual pre and post processes.  
 
A. Identification of User and Application 
The prototype development started by reviewing the current 
flow practice in the selected industry (PLUS Highway 
Maintenance), followed by the workflow of the mobile 
workforce utilizing the developed prototype, the conceptual 
design of the tagging and tracing module and tracing and 
tracking module, the overall system architecture of prototype 
developed, hardware and software requirement as well as the 
development tool used for this project. Finally, a general 
database design development for the prototype system. Figure 




Figure 4: PLUS Culvert Maintenance Workflow 
 
The proposed workflow comprises prototype with 
integration of the Trimble Yuma, applications and e-form. For 
the process, the following assumptions are made: 
i) Contractors received notification about their 
maintenance tasks. 
ii) Contractors know the location of the slope that they 
have been assigned. 
 
B. Prototype Design and Development 
The system prototype comprises the following components: 
applicants, mobile workforce, GPS service, operation, 
GSM/GPRS, SQL database, application server, and, Google 
map server. 
i) Assignment Module (yellow) 
ii) The general practice for assignment in PLUS was the 
tasks for monitoring culvert have been pre-planned on a 
yearly basis. For this practice, a simulation was created 
to help the Maintenance Managers or supervisors to do 
tasks assignment to the contractors involved. 
iii) Mobile Workforce (red) 
iv) Contractors went to the maintenance site (culvert). The 
contractors scanned the tag on the culvert to get the ID 
of the culvert and pass it to TEMAN system. The details 
are queried from the TEMAN Database. All the related 
details will be retrieved by the maintenance e-form. The 
contractors will perform the maintenance and filled out 
the form. The form was updated and saved in TEMAN 
database. 
v) Monitoring & Reporting Module (green) 
vi) All reporting and monitoring activities for the 
maintenance can be accessed by managers and 
supervisors which can also view the maintenance and 
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culvert status monthly. The locations of the contractors 
and the culverts can be verified by the manager and 
supervisor. These activities involved are depicted in the 






Figure 5: System Prototype of Mobile Maintenance (PLUS Highway Culvert 
Maintenance)  
 
IV. RESULTS AND DISCUSSIONS 
 
The most prominent and important achievements of the 
project were the integration of the tracking with tracing 
capability and the output of the whole system was being 
presented in a comprehensible spatial representation of the map 
viewing via the web-based application for all three major 
components of the mobile workforce management systems 
which were not being emphasized by other developers as 
observed in this study. 
GNSS has been chosen as a technique for locating the 
mobile workforce during fieldwork. QR Code and RFID tag 
have been identified as mechanisms to store assets’ ID. By 
knowing the location of an asset, the mobile workforce must be 
within the visibility range or buffer or radius of inspection to 
scan the QR Code and tag dedicated for maintenance purpose 
thus verifying the presence of the mobile workforce during 
inspection.  
The idea of developing the prototype for this mobile 
workforce application was mainly to improve manual 
processes in monitoring mobile workforce activity by utilizing 
satellite related technology and exploring various technologies 
of the mobile platform, experimenting from pilot case study of 
asset maintenance and adding some features that can be 
enhanced in future. The prototypes were expected to provide a 
total wireless solution that allows mobile worker to capture and 




The outcome of the project benefits the three major 
components in a mobile workforce management system 
consisting of the mobile workforce, the 
administrator/supervisor and manager. The prototype benefits 
the following: 
i) Ensure accuracy via a user-friendly mobile device and 
web tools. 
ii) Monitor errors and data collection time. 
iii) Help to improve productivity of real-time tracking and 
tracing data of asset information.  
iv) Help to reduce operating costs in the organization. 
v) Fast monitoring action and delegating new assignment 
to the mobile workforce by the management.  
vi) Finding directions to any working site made easy.   
vii) The application is user-friendly and convenient as 
people are at ease of using smartphone and other mobile 
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